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Evidence of climatic change during Holocene
in the nearshore regions of Konkan
(central west Coast of India)
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Abstract

In order to understand the palecenvironmental setting of the nearshore area of the cen-

tral west Coast of India, three vibro-cores from the Kalbadevi Bay, from a depth range of
6-12 m were analysed for sedimentological, mineralogical and micropaleontologicat aspects.

The results have shown that during Early Holocene (Younger Dryas). arid climates pre-
vailed which may be cortelatable with global aridity. This has been inferred from feldspar/
quartz ratio, occurrence of gypsum crystals, iron stained quartz grains, variation in the stabi-
lity index and significantly poor diversity and scarcity of benthic foraminifera. In contrast,
during the mid Holoceac humid phasc, the number of benthic foraminifera was very high. It
is also remarked that Amvnoria beccarii and Florilus scapha were abundant during humid

and arid phases respectively.

- Kry woros: Halocene, paleocnvironment, arid‘humid phases, foraminifera, feldspar/quartz ratio. stability index.

Introduction

The Kalbadevi Bay is one of the arcuatc
and semi protected bays situated along the
Konkan Coast on the west Coast of India
having two streams one cach at N and S de-
bouching into the bay with a total drainage
arca of about 150 km’ Bathymetry and
scabed surveys carried out by Siddiquie et al.
(1979, 1982) have revealed that the sands
are distributcd upto a depth of 10-12 m
along the coast and are very prominent at
the stream mouths. Besides, the central part
of the bay is marked with an E-W trending
depression wich is believed to be a paleo-
channel. The streams which originate in the
foot hills of the Sahyadris are the main
source of sediment supply.

The hinterland geology is largely com-
prised of Deccan Trap basalts (Upper Cre-
taccous to Lower Eocene), at places over-
lain by laterites of Pleistocene age. Further-
more, the coastal land forms such as sand
dunes, occupy a broad area between the
backshore and the salt marsh.
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Much work has been carried out from the
different bays along the Konkan coast, but it
is largely focused on the exploration of pla-
cer deposits, bathymetry, magnetics and
shallow scismic studies (Siddiquie et al.,
1982; Gujar et al, 1989; Ramana et al.,
1990). No attemps have been yet made to
study and understand the palecoenvironment
of this region, which is the objcct of the pre-
sent investigation.

Material and methods

In order to carry out the paleoenviron-
mental studies in the Kalbadevi Bay, three
vibro cores were selected out of several col-
lected on board R.V. SAMUDRA SHAU-
DIKAMA in collaboration with the Geolo-
gical Survey of India, from water depths ran-
ging from 6 to 12 m (Fig. 1a). The cores
were later sub-sampled at every onc meter
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interval for the purpose of evaluation of the
ilmenite placers. The sub samples were used
in the present study. Sedimentological and
mineralogical analyses were carried out fol-
lowing Folk (1961) and Hutchinson (1974).
Feldspar/quartz ratios were measured from

- staurolite, etc. There is no systematic trend.

X-ray diffractograms generated by using -

carbonate free sample on PHILIPS PH
1840 diffractometer with nickel filtered Cu
Ka radiation between 25-30°2 6 for quartz
and feldspar. For micropaleontological ana-
lysis, the coarse fraction >149 ym was uti-
lised, '

Results and discussion

The lithologs of all the three vibro-cores
(Fig. 1c) reveal that alternate units compris-
ing sand silt and clay with varying admix-
tures of shells. Core 1964, retrieved from a
water depth of 6 m is constituted by sand in
the top 1 m interval, followed further down
by a pebbly-shelly layer extending up to 3 m,
and by plastic clays with pebbles of laterite
and basalt. Similarly, cores 1971 and 1976,
though showing a sandy layer on the top 1 m,
vary further down core with alternate shelly
pebbly beds and clay layers. At the base of
the cores, a zone of oxidised reddish clay
zone comprising assorted pebbles of laterite
and basalt was observed which is almost par-
allel to the sea bed topography, and to the
acoustic basement (Fig. 1b). The surface sc-
diments are largely negatively skewed with
high kurtosis values (1.28-27.58, ave. 9.76)
suggesting winnowing action and prevalence
of relic deposits. The sediment characters
indicate a beach/river/barrier island environ-
ment of deposition. Besides, a dominance of
wave induced currents over tidal currents
and moderate to high energy and high mo-
bility conditions have been observed in the
modern setting (Rajamanickam and Gujar,
1984). The abundance of clay is noticed only
beyond 12 m isobath and its absence below
may be attributed to active littoral drift asso-
ciated with wave action and longshore cur-
rents. The detrital mineral components in-
clude opaques (ilmenite and magnetite)
wich are dominantly subangular to subroun-
ded in nature. The other heavy minerals in
order of abundance are ortho- and clinopir-
oxenes, rutile, zircon, tourmaline, garnet,
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in the concentration of heavy minerals with
increasing depth. The significant compost-
tional variation in heavy minerals may re-
ftect the effect of varying degree of hydraulic
fractionation by density (opaque to non-
opaque ratio 0.3-10.76). The differences re-
sulted from selective chemical decomposi-
tion of heavy minerals, suggesting differen-
tial weathering conditions (stability index
0.12-0.88) (Flores and Shideler, 1978). The
other detrital components include quartz
and feldspar. The quartz grains, as also the
opaques, are¢ predominantly subangular to
subrounded and largely comprised of iron
stained grains (40-50%) in 1-2 and 2-3 m in-
tervals in core 1976. Such staining is due to
the co-occurrence of hematite grains in the
sediments during the period of elevated
temperatures (Walker, 1967).

The down core distributional patterns of
calcium carbonate varies from site to site.
Core 1964, at 6 m water depth, displays sedi-
ments enriched in calcium carbonate from
top to 2 m down core (18-22%), followed by
decreasing trend further down (13-8%).
Core 1971 exhibits a similar trend in calcium
carbonate content from top to bottom (20-
8%). At 12 m depth in core 1976, sediments
are very poor in calcium carbonate (11-8%),
which also shows a decreasing downward
trend (Tab. 1).

At station 1948, which is near station 1976
(Fig. 1a), transparent to milky anhedral crys-
tals of gypsum (selenite) have been reported
by Sukumaran (1990). They are devoid of
any feature suggesting transportation, such
as rounding or abrasion.

The X-ray diffractogram (Fig. 2a) shows
quartz and feldspar peaks in 26.6-26.7 and
27.7-28.0 2 0, respectively. The type of feld-
spar identified is predominantly potash feld-
spar, according to Wright (1968). The feld-
spar to quariz ratio ranges from 0.06 to 0.20
(ave. 0.09) in nearshore cores at 6 m water
depth, whereas it is 0.29 to 0.98 (ave. 0.61) at -
12 m water depth (Tab. 1).

Siddiquie et al. (1979, 1982) and Gujar et
al. (1989) have reported the occurrence of
placer sands extending upto 10-12 m water
depth within the bay, beyond which. clay
overlaps the sand. The clay/sand contact
zone extends parallel to the present day
beach. Ramana et al. (1990), from their shal-
low seismic investigation, have designated
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Sediment
type

Station
nos.

Depth CaCOq %

(m)

Opagque/
non opaque

Tab. 1 - Sediment ty-
pe, calcium carbonate
percentage, feldspar/

Stability
index *

Feldspar/
Quart2

1964

O-I'm 8.11

sand with
shells
sand and
shelle
sand shell
and pebbles
oxidised red
clay with
pebbles of
latenite &
basalt

5.9 18.10

1-2m 21.96 10.76

23m 12.98 299

3-4m 1.79 2.87

1971

0-1m 6.1 sand with 20.00 5.56
shells
sand, shells
and pebbles
oxydised red
clay with
pebbles of
laterite &
basalt

1-2m 17.23 4.65

2-3m 08.21 0.32

1976

0-1m 12.0 sand with 11.31 1.60

shells
sand, silty
clay with
shell
fragments
sand upon
210m
oxidised red
clay with
pebbles of
laterite &
basalt

1-2m 08.49 3.50

2-3m 08.57

quartz, opaque/non opa-
que ratios and stability

0.12 index.

0.25
0.20 0.86
0.07 0.45

0.02 0.45

0.05 0.60

0.11 0.52

0.06 0.32

029 0.83

0.56 0.25

0.98 0.12

* stability index (chemical decomposition), ZTR/pH, Zircon + Tourmaline + Rutile/

Pyroxene + Homblende

this clay/sand contact zone as a paleobeach.

Kennet (1982) and Mehr (1987) have estab-
lished the nature of post-Quaternary sca level
fluctuations and have indicated the presence
of a strand line at about 5-10 m below present
sca level at 5000 years B.P. Further findings
by Kale and Rajaguru (1985) and Gbhate
(1986), particuiarly from Konkan Coast, con-
firmed that the present sea level was attained
around 5000-6000 years B.P. In view of the
above, it appears that the core 1976 at 12 m
water depth, which is close to the paleobeach,
must have been deposited around 7500 years
B.P., assuming the slow rise of sea level
(about 1.4 mm/year) reported by Emery
(1969) from 6000 to present.
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The pebbles of lateritc and basalt, en-
countered at 4 m level, are genetically rela-
ted to coastal laterites and basalts formed
before the transgression (Gujar and Srini-
vas, 1991). Similar pebbly beds have been
also reported in the bore holes at varying
intervals (J.5 m and 4 m) a1t 2 m and 5 m
water depths respectively in the adjacent
Mirya Bay (Fig. 1d). The occurrence of peb-
bles, along with the oxidised reddish clay
zone, is indicative of prevalence of an arid
climate during their formation, due to physi-
cal weathering. It is explained by the fact
that weathered pebbles were subject to
transportation by sheet floods caused by a
strong wet spell (Schwarzbach, 1963). Relat-
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Fig. 2 - (a), X-ray dif-
fractogram of core 1976
and (b) down core var-
iation in the percentage
of Ammonia beccarii
and Flonlus scapha.
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ively higher values of feldspar to quartz ratio
in 2-3 m intcrval in 1976 core (Tab. 1) also
indicates the prevalencc of arid to semiarid
conditions which tend to prevent the feld-
spar from weathering. However, in the ab-
sence of absolute ages, it is difficult to have
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2 3
CORE INTERVAL

a time integrated study. Nevertheless, the
top —85 c¢cm of sediment, represented by
sand and silt layers that are uniform in all
cores, should have been deposited during
the active summer monsoon of Late Holo-
cenc. Below these sands, the admixture of
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sand with shells and pebbles indicates high
energy and high mobility conditions during
strong monsoon. Such high energy condi-
tions are also substantiated by the presence

of largely of miliolid foraminifera and a high

amplitude seismic facies in the sand domina-
ted area (Ramana er al., 1990). The inferred
aridity in 4 m interval may be correlatable
with the reported aridity during 9.000-12000
years B.P. by Hashimi and Nair (1986) from
the western continental margin of India.

Magnetic susceptibility data of core 1976
(Anon, 1990) has shown average magnetisa-
tion contrasts for different lithounits (876
and 1335 10-% CGS units for sandy zone in
1-2 and 0-1 m intervals and 151 10-¢ CGS
units for clayey zone in 2-3 m interval). The
variations in the susceptibility values are
correlatable with the relative abundance of
magnetic minerals implying a changing cli-
mate.

The distributional patterns of benthic for-
aminifera has yiclded nineteen species of
foraminifera, among which Ammonia beccar-
ii and Florilus scapha are by far the most
abundant. It was observed that the faunal
diversity and abundance is high in 0-1 m, 1-2
m intervals in cores 1964 and 1971 and in 0-1
m interval in core 1976. On the contrary,
they are very poor in 2-3 m and 3-4 m inter-
vals in core 1964, in the 2-3 m interval in
core 1971, in 1-2 m and 2-3 m intervals in
core 1976. This suggests that when the condi-
tions were optimum for organic production,
foraminiferal abundance was high apparent-
ly during the humid phase, with nutrients
supplied by land through rivers. In contrast,
significantly low frequency of benthic for-
aminifera must have been resulted during
arid conditions of the Early Holocene per-
iod, where the supply of organic matter and

land derived plant nutrients were at its mini-
" mum or nil. It has also been observed that
the calcium carbonate percentage and for-
aminiferal abundance are directly propor-
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tional to each other. Besides, A. beccarii is
predomipant during the humid period ex-
cept for the interval at 3-4 m in core 1964,
while F. scapha is more abundant during the
arid conditions. Such an abundance of F.
scapha is also reported in the areas charac-
terised by low runoff and abundant organic
matter by Setty et al, 1979 (Fig. 2b). ‘

The remaining species which are sparsely
distributed include: Calcarina calcar, El-
phidium crispum, E. parkeri, Amphistegina les-
sonii, Nonion boueanum, Nornion sp., Pararo-
talia sp., Quingueloculina elongata, Q. la-
marckiana, Q. laevigata, Q. seminulum, Spiro-
loculina cf. depressa, Triloculina sp., Textular-
ia agglutinans and Virgulina squamosa.

Conclusions

Arid conditions during the Early Holo-
cene period (Younger Dryas) are inferred
by the occurrence of iron stained quartz
grams gypsum crystals, feldspar to quartz
ratio, significant variation in the stability in-
dex and the poor benthic foraminiferal di-
versity and abundance.

Owing to the large sampling intervals and
restricted area of investigation, these con-
clusions have some limitations. Neverthe-
less, they may be correlatable with the global
Holocene climatic fluctuations and, hence,
are important for reconstructing the pa-
leoenvironment.
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